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Background
Digital Health Information Systems (HIS) have potential to improve the finances of
healthcare organisations in lower income countries through better tracking of patients
and procedures, more timely billing, greater professional accountability and more
informed decisions. However, little is known about how HIS influence these processes in
such settings or how contextual and social factors mediate their implementation and
impacts.
Objectives
This study investigated whether, and through what mechanisms, the implementation of a
modular HIS influenced revenue capture from patient billing in a large referral hospital in
Malawi, drawing on the perspectives of complex sociotechnical systems, health system
strengthening and ICT for good-governance.
Methods
Retrospective mixed-methods case study involving documentary analysis of management
reports, interviews with informed respondents and descriptive analysis of revenue data
over an 8-year period. Key implementation stages were mapped against changes in
patient revenue and triangulated with interview data to obtain a rich picture of the
project over time.
Results
Trends in measured revenue were obfuscated by fluctuations in data recording
procedures, government reimbursement for patient services, patient traffic (due to public
health interventions) and inflationary instability. Interviewees reported that the system
had improved hospital finances through introducing greater transparency and
accountability, thus preventing illicit practices such as informal payments. However,
triangulating qualitative and quantitative data revealed that introducing the HIS had little
effect on revenue (or possibly the reverse) until independent Ward Clerks were introduced
to operate the systems’ billing and payment functions, thus reducing opportunities for
entrenched practices to be replicated digitally.
Conclusions
Although it was not possible to draw firm conclusions about the effect of the HIS on
billing and finance, qualitative findings from our study, coupled with data triangulation,
align with other research indicating that HIS can help to improve efficiency and
accountability in healthcare organisations, but that technology alone is unlikely to
suffice. Further research is needed to understand the role of HIS as enablers of financial
good-governance in low income country settings, to more robustly evaluate their impacts
on work practices, efficiency and sustainability, and to understand the complex
contextual and socio-cultural influences mediating these effects.
Digital health information systems (HIS) are a core fea-
ture of modern healthcare organisations, enabling clinical
and administrative data to be captured and mobilised to
support the delivery of patient care, operational and busi-
ness processes, public health activities and research. 1 HIS
have been characterised as essential technologies for health
systems strengthening. 2
Strong health systems also rely on effective organisa-
tional governance 3,4 and HIS offer an important route to-
wards achieving this, 5 not least through aiding the man-
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agement of finances. 6,7 However, while there are robust
arguments for investing in HIS to improve the efficiency,
quality and safety of care, 8–10 relatively little is known
about their effects on financial management in healthcare
organisations.
In high-income countries such as the USA, computer-
based analytical techniques have been used to identify
fraudulent financial behaviour in health practices, 11 es-
pecially related to insurance claims. 12 Data mining has
been used to reveal fraudulent behaviour involving collu-
sion between health practitioners and pharmacies in Iran 13
and was also shown to detect 77.4% of prescription fraud
among medical practices in Turkey. 14 A UK government-
funded practice paper addressing corruption in the health
sector 15 also pointed to the importance of ICT for reducing
fraudulent billing for services through better accounting
and transparency.
In lower income country health systems, the need to op-
timise efficiency is particularly acute, given the limited hu-
man and economic resources and the high burden of dis-
ease, 16 and information technologies are gradually being
introduced as a means of addressing these challenges. 17
Health systems in these settings are also often hindered by
ingrained inefficiencies, corruption, social norms that dis-
courage optimum work practices, and ineffective oversight,
18 which compromise their ability to provide safe and equi-
table patient care. Most of the major global health and de-
velopment agencies have emphasised the need to address
these problems and the new UN Sustainable Development
Goals include an explicit commitment to strengthen insti-
tutional governance (Goal 16). 19 The concept of “good-
governance”, arose in the context of global development
and emphasises ethical issues around the transparency, ac-
countability and legality of organisational processes to en-
sure the efficient and equitable use of resources, alongside
stakeholder participation. 20
The role of digital approaches in facilitating ‘good gover-
nance’ in low and middle income country (LMIC) health sys-
tems has recently been described, including innovative uses
of mobile apps and social media for reporting corruption. 20
However, facility-based information systems can also help
by improving the recording, sharing and use of data on care
processes and services, thereby increasing transparency and
accountability. One set of activities where this may be par-
ticularly valuable is patient billing and fee recovery, which
can be vulnerable to error and manipulation, contributing
to the significant ‘leakage’ of healthcare resources that oc-
curs in low income countries each year. 21 However, there
has been little research on how digital health influences
these processes in practice, or their effectiveness in doing
so. The current study aims to help fill this knowledge gap.
Although evidence demonstrating the impacts of HIS in
developing countries is needed, 22,23 reliably evaluating
these impacts can be challenging, as their success may be
influenced as much by aspects of the implementation
process and the surrounding context, as by the technical ca-
pabilities of the innovation. For this reason, approaching
information systems as sociotechnical interventions, in
which software, users and organisations interact and influ-
ence one another over time, can be useful as an adjunct to
other methods such as cost-effectiveness trials, which may
be hard to do in these complex settings. 23–25
Our study profiles the implementation and effects of a
modular HIS in one large referral hospital in Malawi over
its life course, from conception to integration, over a period
of several years. Managers and staff had identified a lack
of accurate and timely data as a major problem for the or-
ganisation, leading to ineffective documentation of services
delivered, inadequate patient records, wasteful duplication
of activities, and inconsistent or inaccurate billing. A deci-
sion had therefore been taken to procure and implement an
HIS with a view to improving the monitoring of financial
transactions and data, and supporting effective accounting,
strategic decision-making and prioritisation. The analysis
reported here focuses on understanding the influence of the
HIS on hospital revenue capture from patient billing, with
reference to sociotechnical and contextual factors.
METHODS
SETTING
The study took place at a 300-bed private non-profit faith-
based facility on the border of Dedza and Lilongwe districts,
Malawi. The hospital has medical, surgical, paediatrics, lab-
oratory, X-ray, ophthalmic, maternity, outpatient, and pri-
mary health care departments. Pharmacy, administration,
human resources, finance, and information technology (IT)
sections support these departments. It services a rural
catchment population of approximately 65,000 people and
also provides referral care to a population of approximately
550,000 individuals. Nine rural health centres provide pri-
mary health care, including antenatal and delivery care, for
the population that is not directly served by the hospital,
and refer patients to the hospital for specialist care.
INTERVENTION
A modular HIS (AfyaPro, NPK technologies, Dar Es Salam,
Tanzania) was selected in 2009 as a means of enabling data
collection and sharing for patient care, hospital manage-
ment, revenue collection and public health reporting. Im-
plementation was informed by the WHO change manage-
ment guide for health management information systems 26
and the Roundtable approach to stakeholder involvement.
27 The system itself was developed in Tanzania with the
support of a Dutch non-profit agency specialising in ICT for
Development. Figure 1 shows the user interface.
DESIGN
A retrospective, longitudinal, mixed methods case study de-
sign 28 was used, in which all data, including first-person
accounts, were collected after the implementation of the
HIS. Qualitative and quantitative data were analysed in par-
allel and converged, in order to obtain a holistic account of
the implementation program over its life course and aid in-
terpretation.
QUALITATIVE COMPONENTS
KEY INFORMANT INTERVIEWS
Thirteen semi-structured in-depth interviews were carried
out with key stakeholders, selected on the basis of their
role within the organisation and their involvement in the
planning, delivery and use of the HIS over the period since
its initial introduction (See Table 1). 29 Respondents in-
cluded four hospital managers, five health workers, three IT
staff and a ward clerk. Interviews took place at the hospital,
where the researcher also observed the use of the HIS sys-
tem in practice. The main interviews were conducted over a
four-month period, approximately 8 years after the system
had been first rolled out. Follow-up interviews were under-
taken iteratively to clarify findings as the study progressed.
Each interview lasted an average 46 minutes and was docu-
mented by hand using annotated field notes, as well as au-
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Table 1. Interview respondents.
Respondent Department Gender Role
1 Clinical Male Management
2 Clinical Male Management
3 Pharmacy Male Head of Department
4 Nursing Female Management
5 Finance Female Management
6 IT Male Technician
7 IT Male Technician
8 Reproductive and Child Health Male Clinician
9 Paediatrics Male Middle-Management
10 Reproductive and Child Health Male Middle-Management
11 Paediatrics Male Data Clerk
12 IT Male Head of Department
13 Nursing Female Middle-Management
Figure 1. Login Window (above) and User Interface (below) of AfyaPro.
dio recorded with the verbal consent of participants. Ethics
approval was obtained from the National Health Sciences
Research Committee at Malawi’s Ministry of Health, and
the University of Edinburgh.
DOCUMENT REVIEW
The qualitative data sources also included meeting minutes
and project documentation contained within the hospital’s
management archives and key reports describing elements
of the wider context of the intervention, such as govern-
ment policy changes or national health intervention pro-
grams. Documents were annotated and summarised as part
of the research process.
REVENUE DATA
Insufficient data was available on the costs of the technol-
ogy and associated change management interventions, to
allow for a cost-benefit analysis. The quantitative analysis
thus set out to describe patterns of revenue capture over
time.
The observation period covered eight-years, encompass-
ing three phases of implementation in September 2009
(out-patient department), July 2010 (inpatient department)
and January 2012 (recruitment of ward data clerks).
Revenue data was obtained from the hospital’s electronic
and paper records systems and was available for the 44
months prior to initial rollout and 52 months thereafter. To-
tal revenue was calculated by combining patient fees aris-
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Figure 2. Trajectory of revenue data before and at different stages of HIS implementation.
Note: Line break indicates a gap in available OP documentation.
ing from out-patient consultations (available only from Jan
2009), and from in-patient services and dispensed drugs
(available only from Jul 2010). Other sources, such as dona-
tions and grants, were excluded from the analysis.
RESULTS
The results are presented descriptively - by mapping
changes in revenue against key events and stages over the
project’s timeline; qualitatively - through the analysis of
respondents’ recollections, observations and explanations;
and statistically - by comparing pre- and post-implementa-
tion averages. Finally, we examine additional contextual in-
fluences that came to light during the study.
HIS PROJECT TIMELINE AND IMPLEMENTATION PHASES
Analysis of project documentation revealed that the HIS
was first introduced at the hospital in September 2009, with
modules for patient registration, billing, and diagnosis/
treatment introduced at the outpatient department. From
July 2010, these modules were also introduced in the inpa-
tient maternity, medical, surgical, private, TB/isolation and
children’s wards. (Additional modules in reproductive and
child health and HIV/ART are still to be fully implement-
ed and were not included in this study.) In January 2012
dedicated administrative staff, known as Ward Clerks, were
introduced into the maternity, medical, surgical and pae-
diatric wards as part of a wider quality improvement dri-
ve. Thereafter the Ward Clerks assumed the remit for da-
ta entry using the HIS and for preparing accurate bills for
issuance by the accounts office. These phases are plotted
against trends in the available revenue data in Figure 2.
QUALITATIVE ANALYSIS
Interviews explored key stakeholders’ recollections, obser-
vations and explanations of how the HIS had influenced the
efficiency of administrative processes, information for deci-
sion making and financial and patient outcomes at the hos-
pital. Good-governance emerged as a dominant and lateral
theme, as illustrated in the results below.
TRACKING PATIENTS, PROCESSES AND COSTS
Nine of the thirteen interviewees believed that implement-
ing the HIS had reduced errors, improved accountability and
increased revenue. They reported that, prior to the project,
many patients presenting at the hospital were not recorded
and were able to progress through the system without pay-
ing for consultation, admission or drugs. Electronic regis-
tration using the HIS had since enabled the hospital to more
easily identify and track patients through the care process,
recording the costs of services received within the inpatient
and outpatient departments and through drug dispensing.
“With the manual system, a patient could see a clin-
ician without paying, just because they are related or
friends with the clinician. Even in the in-patient wards,
the bills could easily be altered and some costs removed
from the manual bill. That cannot happen with the
electronic system. There are no more fake receipts with
this system.” – An IT staff member, 29 September.
TRAINING AND PROCESS REORGANISATION
HIS implementation was also associated with a range of
non-technical changes. In the outpatient department this
included recruitment of staff to register patients into the
HIS before consultation, training accounts staff to provide
computer-generated receipts, and requiring patients to
have a printed receipt before drugs may be dispensed. This
brought an end to the issuance of manual bills by individual
staff. Patients now cannot pay at the cashier if they are not
registered on the electronic system at reception and can-
not receive drugs if they have not paid at the cashier. Phar-
macy staff pointed out that while processes have been im-
proved, they remain imperfect; for example, in the outpa-
tient department it still depends on the discretion of the
person dispensing to check that the patient has an electron-
ic receipt. Nevertheless, they expressed optimism that im-
plementation of the pharmacy modules would help to close
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this loop-hole.
“[Drugs] prescribed cannot be paid for if there is no
consultation fee payment. But currently without the
dispensary software there is still a window of abuse
where medicine can be dispensed and not paid for.
Hopefully with the implementation of a pharmacy
module then it will be even more difficult to abuse the
system.” – A pharmacy staff member, 8 October.
SOCIOCULTURAL INFLUENCES
Interviews revealed that immediately after implementing
the HIS in 2010 within the in-patient department, the sys-
tem was managed by the same nurses and patient atten-
dants who had previously been responsible for data capture
on paper, and billing was undertaken by the same accounts
staff who received payment from clients. All of these staff
were typically drawn from surrounding villages, creating
social obligations upon them to alter patient files and bills
for relatives and friends, as indicated in the first quote re-
produced above. Before the introduction of Ward Clerks the
opportunity to do this was equally available to these staff
using the HIS as it had been with the paper-based systems.
A manager describes how the introduction of Ward Clerks
and other non-technical changes helped to improve this sit-
uation:
“A possible explanation for the increase in income
could be the difficulty with altering electronic data as
opposed to hand written receipts, separation of duties
by having Ward Clerks, and closer monitoring of staff
managing finances.” – A hospital manager, 1 October.
The movement of paper files between various depart-
ments had also provided opportunities for records to be lost
or adjusted:
“With the paper-based system, some tests or proce-
dures would be lost or altered as the patient’s paper file
[went] from the ward to pharmacy to accounts and then
back to the ward. Now the bill can be generated at the
click of a button as the patient is being discharged.” –
An accounts staff member, 30 September.
Another accounts staff member emphasised the practical
advantages of having Ward Clerks using the HIS:
“This has been improved as, while there are still some
departments that that do not have the electronic sys-
tem and require collection of their paper records, bills
can now be produced at one point [in the HIS], and only
one person per department (the Ward Clerks) has the
responsibility of getting the paper files from these de-
partments and compiling the electronic bill.” – 24 Oc-
tober.
Now Ward Clerks compile the bills, the accounts staff
enter the patient’s number into the computer and the HIS
generates an invoice, which cannot be altered. Further, the
accounts staff only receive payments on the invoice due,
and do not have access to compiling the bill in the HIS and
cannot alter the invoice.
WORKLOAD, DATA QUALITY AND ADMINISTRATIVE
EFFICIENCIES
Interviewees also drew attention to workload challenges
affecting data quality prior to the introduction of Ward
Clerks, with healthcare staff facing high patient volumes as
well as requirements to complete multiple registers for the
Ministry of Health. As a result, data entry was of poor qual-
ity and appropriate billing opportunities could be missed.
Devolving these tasks to Ward Clerks was thought to be
helpful for easing these burdens, as well as for their gov-
ernance value. Attention was also drawn to the workload
of administrative staff and how the HIS was helping to im-
prove this:
“It eased the work of the accounts. At a click they can
check how many consultations and whether they tally
with the money [collected] … It is restricted to clerks
and accounts department staff to be able to go into the
billing system.” – A clinician in the reproductive and
child health department, 24 November.
The Ward Clerks help to ensure that clinicians and nurs-
es document all services to be billed and that these services
are entered correctly onto the system, assisting the hospital
to avoid loss of revenue as a result of incomplete documen-
tation of services that have been provided or charge slips
that are delayed or missing.
INFORMING FINANCIAL OVERSIGHT
Interviewees also highlighted the power of the data cap-
tured by the HIS to inform analytics for the purposes of au-
dit, planning and cost containment:
“… Other offices like the [Principal Hospital] Admin-
istrator or the [Hospital] Accountant can view what is
happening during the day through [the HIS].” – A clini-
cian, paediatrics department, 26 November.
This was corroborated by a key informant from the ac-
counts department, who confirmed that, for the inpatient
section:
“We are also able to know how many beds are occupied,
and what the expected revenue is, and compare with
the actual revenue. Even for drugs we know the pre-
scription and number of pills given and the amount the
patient is supposed to pay at any time.” – 30 Septem-
ber.
MONITORING UNETHICAL FINANCIAL PRACTICES
The advantages of the HIS for enabling management over-
sight and decision making also extended to the detection of
dishonest practices. As early as 2012, managers had discov-
ered that monitoring financial data using the HIS could un-
cover irregular patterns indicative of possible fraud.
“Previously, patients were conniving with staff to re-
duce the bill. Now there are checks and balances to
counter that practice.” – An accounts staff member,
30th September.
Some staff were even thought to have sabotaged the sys-
tem in the outpatient department in order to evade detec-
tion for taking informal payments:
“We have an example of someone who would unplug
the computer so that the accounts could authorise
manual receipts because he benefitted from the manual
system. This was at the cashier’s office.” – An IT staff
member, 21 November.
CHASING UNPAID BILLS
Clients at the case study hospital often leave with unpaid
bills and each year, the hospital loses an average MK9 mil-
lion (US$ 27,637) to bad debts. Since the HIS captures each
client’s full address, it also has potential to be used to fol-
low-up debtors.
"We are not yet using AfyaPro to its full capacity be-
cause it is not yet generating the debtor statements by
address so that the hospital can start collecting. Once
this is in place then collections should increase even
more!" – A hospital manager, 24 September.
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ANALYSIS OF REVENUE FROM PATIENT BILLING
DESCRIPTIVE DATA
Data on total hospital income from patient fees was avail-
able for the 44 months prior to the HIS being first imple-
mented and 52 months after. Figure 2 shows the trends in
raw revenue over time (total, inpatient, drugs, outpatient).
Key HIS implementation stages are superimposed on the
figures, for reference.
“Eyeballing” the quantitative data shown in Figure 2 is
helpful for understanding how revenue patterns varied over
time. We discuss this further in the section on contextual
influences.
REVENUE CAPTURE PRE- VS POST IMPLEMENTATION
Although our case study was not intended as an economic
evaluation, it is useful to examine revenue before and after
system implementation, for comparison with stakeholders’
perceptions.
In the pre-implementation period (month 0-43) mean
monthly income from patient billing was MK2,528,185 [US$
7,764] (95% confidence interval CI: MK2,037,970 [US$6,258]
– MK3,018,399 [US$9,269]), compared with MK4,252,825
[US$13,060] (95% CI: MK3,703,046 [US$11,371] –
MK4,802,605 [US$14,748]) in the post-implementation pe-
riod (months 37-95). This apparently large revenue increase
(68%) may explain the interview respondents’ perception of
the HIS’ effects, however, a different outcome is observed
after adjusting for inflation. This was achieved using the
Malawi national Consumer Price Index (CPI) and adjusting
backwards based on 2013 prices to calculate the expected
revenue for each month. 30 Inflation-adjusted monthly rev-
enue in the pre-implementation period averaged
MK4,986,795 [US$15,314] (95% CI: MK4,121,741
[US$12,657] – MK 5,851,850 [US$17,970]), compared with
MK5,757,277 [US$17,680] per month (95% CI: MK5,044,025
[US$15,489] – MK6,470,529 [US$19,870]) in the post- im-
plementation period. While this still represents a positive
difference of approximately 15%, it was not statistically sig-
nificant (Mann-Whitney U= 883, n1=52, n2=44, P=.05, two
tailed). Factoring in the cost of employing the four Ward
Clerks (MK355,982 [US$1,093]), reduces the percentage in-
crease in revenue still further, from 15% to 8%.
CONTEXTUAL INFLUENCES
The wide fluctuation in total revenue levels shown in Figure
2 warranted further investigation and the documentary
analysis suggested several contextual factors that may have
been influential.
In 2007 the Ministry of Health began to reimburse hospi-
tals for serving pregnant women and young children, lead-
ing to a marked increase in attendance, which is consistent
with the revenue increase seen in Figure 2 from month 41.
In parallel with the implementation of the HIS in 2009, the
government also implemented a major anti-malaria pro-
gramme, which subsequently reduced malaria admissions,
coinciding with the dip in income between months 59 and
73 in Figure 2. While firm attribution is impossible without
further data, it is conceivable that the above two influences
may have partially disguised the true effect of the HIS.
A more obvious influence, at the organisational level,
was the introduction of specialist Ward Clerks in Jan 2012.
This marked a key turning point for the HIS project, since
it moved responsibility for data capture and entry from op-
erational staff to dedicated administrators. The clear in-
crease in patient revenue shown in month 75 coincides with
these staff appointments and is consistent with the qualita-
tive accounts of our interview respondents, although longer
term data was not available to determine whether this effect
was sustained.
A secondary observation which emerged during our
analysis relates to the pattern of inflationary pressures in
Malawi, which affects the degree of confidence that can
be placed on adjusted revenue data. We used a standard
method of correction, 31 which is well suited to health sys-
tems with predictable economic trajectories and regulated
unit pricing, such as the UK. However our examination of
Consumer Price Index figures in Malawi revealed that, dur-
ing the lifetime of the HIS implementation project, inflation
in fluctuated widely, ranging from a record low of 6.30% in
December 2010 to a record high of 37.90% in February 2013.
32 Moreover, an examination of hospital documentation re-
vealed inconsistent increases in the charges levied for dif-
ferent types of product or service, which did not appear to
be correlated with CPI. This substantial variability suggests
that more precise, dynamic adjustments may be necessary
in such settings. These observations also provide further
contextual information for the case study.
DISCUSSION
The results of this study reveal a rich picture of sociotechni-
cal dynamics and complex influences in a long-term HIS im-
plementation project taking place in a lower income coun-
try. The qualitative data show how the pathway through
which the system influenced hospital revenue differed from
that envisaged by the project’s original commissioners, with
a somewhat mechanistic view of efficiency gains giving way
to a story of behavioural and cultural change, mediated by
new staff roles. This revealed an unexpected landscape of
unethical or unauthorised billing practices, which the HIS,
in combination with Ward Clerks, helped to prevent. While
qualitative perceptions of improvement were not matched
by evidence of revenue changes, converging the data
sources provides support for this interpretation. Documen-
tary analysis undertaken for the study also sheds light on
some of the difficulties involved in trying to measure the
effects of information systems embedded in complex and
changing organisational, political and economic contexts.
RELEVANCE TO LITERATURE ON THE ROLE OF HIS IN HOSPITAL
FINANCE AND BILLING
The non-significant increase in mean monthly revenue af-
ter HIS implementation mirrors findings from a similar
study using the same HIS at three hospitals in Tanzania.
33 However for the reasons noted, these changes are hard
to interpret, given the influence of extraneous factors, data
variability and uncertainties over inflation adjustment.
Many studies have reported unchanged, or barely
changed, financial outcomes following HIS implementa-
tion, 34,35 or even a loss of revenue, particularly in the early
years of HIS adoption. 36 Like our research, it is common
for these to examine changes over time in order to under-
stand both detrimental effects during the start-up phase
and longer-term benefits once systems have embedded. 37
Loss of revenue in the initial phases of HIS implementation
is associated with change management issues such as dis-
ruptions in access to patient data, effects on staff productiv-
ity 38; costs of electricity and internet services, 39 and non
IT costs such as the need for new personnel. 40 Increases
in Returns on Investment may take time, for these reasons,
but may eventually come about through efficiency gains
that increase patient throughput and charge capture and
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billing, as well as quality improvements. 41–44 In contrast to
our study, the vast majority of this research has been con-
ducted in high income countries, focuses primarily on effi-
ciency measures and often fails to take longer term effects
into account. While there are some similarities to the data
reported here, their applicability to low income country set-
tings such as rural Malawi, is unclear.
Within the quality improvement literature the prevailing
narrative surrounding HIS is that they will decrease costs by
improving the timeliness, efficiency, appropriateness and
safety of healthcare, due to more accurate and complete pa-
tient data and the ability to deliver information when and
where it is most needed. 8 Embedded within this is the re-
alisation that such systems can facilitate patient billing,
as demonstrated in studies showing fewer errors, more ef-
fective charge capture, and improved cash flow. 10,41,44–46
Echoing this observation, several interviewees at the hospi-
tal reported a general improvement in the capture of data
items pertaining to billable services such as patient consult-
ing, treatments and drugs, which they attributed to the use
of the system. Interviewees described how, prior to the in-
troduction of the system, many patients had been able to
skip registration at entry or payment for drugs, with the re-
sult that their care encounter was not documented, no rev-
enue was gathered during their visit, and they could not be
followed up. Inpatient revenue was also lost through incom-
plete manual bills, which failed to document all of the care
or drugs received. Implementation of the HIS closed some
of these loopholes by requiring that every patient be regis-
tered on the system before they could receive a physician
consultation and pay for a screening consultation before re-
ceiving a prescription, although patients can still, if they
choose, exit the hospital without purchasing the drugs they
have been prescribed.
GOVERNANCE AS THE MEDIATOR OF IMPROVEMENT
Converging the hospital’s financial records with the docu-
mentary analysis and interviews revealed what is perhaps
the most salient observation of this study, in terms of its
implications for eHealth adoption in lower income coun-
tries. This is that the main increase in revenue did not ma-
terialise until after the introduction of Ward Clerks, whose
remit was to ensure that all patients and procedures were
recorded, and patients billed appropriately using the HIS.
This significantly changed the role of nurses, patient at-
tendants and accounts staff, who had previously been re-
sponsible for these activities. Although users and managers
saw the HIS as contributing to revenue improvements at the
hospital, they explained this largely in terms of staff behav-
iour and culture, rather than as a simple effect of the tech-
nology on process efficiency. The sociotechnical system im-
plemented here consisted of, as one manager put it, elec-
tronic as opposed to hand written receipts, separation of
duties, and closer monitoring of staff managing finances.
Most interviewees drew attention to unethical or unau-
thorised practices by staff members, such as documentation
being altered, or billing stages by-passed. This included
favour-giving to friends and relatives as well as employees
receiving fees from patients without recording them. Im-
mediately after the introduction of the HIS, the same staff
continued to be responsible for data capture and billing
processes, on the assumption that the system itself would
lead to improvements. However, they were simply able to
replicate the workarounds previously used with the paper-
based system. After the recruitment of the Ward Clerks,
many of these loopholes were closed and greater trans-
parency and accountability afforded by the system, and the
people managing it, led to disciplinary actions and notice-
ably reduced these practices. It is important to note that
these changes were part of a wider set of financial man-
agement measures instituted by the hospital, such as new
training and accounting practices. However, it is notewor-
thy that issues relating to billing workarounds and lack of
transparency dominated interviewees’ accounts of the gov-
ernance-enabling role of the HIS.
Illicit practices such as those reported here are a persis-
tent problem in lower income countries. 47,48 Since health
services in these countries are typically free at public facil-
ities, there has been little research on the use of ICT to ad-
dress these issues, 20 a gap which this study aims to help
fill. Similar findings to our study have been reported from
Kenya, which managed to combat staff theft of user fees
through a governance intervention involving networked
electronic cash registers, coupled with more attentive man-
agement and the separation of billing and fee collection
activities. This improved accountability through more de-
tailed recording and analysis of activities, including com-
parisons of actual to expected revenue, and enabled greater
transparency through issuing printed receipts to patients.
Implementation was associated with a 47 percent increase
in patient fee revenue within three months, with no effect
on service utilisation, and a 400% increase within three
years, although these impressive results require replica-
tion. 48
SOCIOTECHNICAL SYSTEMS
“Technologies mirror our societies by reproducing and em-
bodying the complex interplay of professional, technical,
economic and political factors.” 49 While the original brief
for our study was to evaluate the cost-benefit of the HIS
implementation project, our interdisciplinary team quickly
recognised the advantages of approaching it as a sociotech-
nical study, as more was learned about the history of the
project and the contextual factors surrounding it, and a pri-
ori assumptions about users’ work practices, incentives and
the role of the system were challenged. The absence of reli-
able data on the costs of implementation, such as hardware,
software, training, and maintenance, also played a role in
this decision.
Sociologists of technology recognise the co-dependency
of information systems and their users and settings within
sociotechnical systems, where human and organisational
factors influence or ‘shape’ the technology whilst introduc-
ing technology may shape professional roles and work prac-
tices. 49,50 Such authors therefore argue that information
systems projects should be approached as a process of or-
ganisational development, taking account of the social con-
text and consequences of implementation, 51 rather than
focusing on the technology alone. In the case of the setting
studied here, the elements of the sociotechnical system in-
cluded not only the technology that was rolled out but also
efforts to train cashiers and reception staff in the outpatient
department and inpatient nurses and patient attendants,
and the recruitment of Ward Clerks to replace the billing
roles of the inpatient department nurses, patient atten-
dants and accounts staff.
In a similar way, the introduction of patient records in
the US at the beginning of the twentieth century necessi-
tated changes in hospital architecture and the emergence
of the new profession of medical record managers. 50,51 Re-
searchers in the field of eHealth also recognise that intro-
ducing such innovations can disrupt existing work process-
es and often require additional change management and
service redesign efforts, which make it hard to disentangle
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the effects of the technology from the human and organ-
isational processes that surround it. 52,53 Our findings il-
lustrate the importance of continuing to analyse workforce
needs in the months after HIS are rolled out rather than, as
in this case, letting years pass before recognising that new
staff may be required to realise the benefits of technology
use.
EVALUATION AND COMPLEXITY
Introducing new health information systems can be com-
plex and demonstrating their impacts without controlled
trials represents a challenge for evaluation. 54 For these
reasons, evaluations focused on clinical and cost indicators
can have limited generalisability and sociotechnical studies
may be more useful for uncovering unanticipated influences
and effects. 25,54 Undertaking such projects in low income
country settings adds an additional layer of complexity,
leading some researchers to argue that quantifying hard
outcomes may be less important than understanding ICT as
an enabler of socio-economic development. 55,56 By con-
verging quantitative data from the hospital’s finance
records with qualitative analysis of interviews and docu-
mentation, we were able to reveal a rich picture of the
macro-environmental factors influencing revenue fluctua-
tions, as well as examining how the HIS project influenced
billing practices and the importance of role separation as a
mediator of governance.
STUDY LIMITATIONS
Given the many confounding influences described above, it
is impossible to definitively attribute improvements in hos-
pital revenue to implementation of the HIS. Nevertheless,
the convergence of qualitative and quantitative data in our
study lends support to this interpretation, whilst empha-
sising that the ability of the system to affect financial gov-
ernance was contingent upon its appropriate use. We ac-
knowledge the small number of key informants interviewed
in-depth. As with most case studies using qualitative meth-
ods, the aim was not to achieve statistical generalisability,
but rather analytical generalisability. 28 The interviews
were retrospective, and thus limited by hindsight, although
triangulation with historical financial and documentary da-
ta helped to validate the participants’ recollections and re-
flections. The absence of data on the actual costs of im-
plementation (hardware, software, training, maintenance)
and detailed unit prices, alongside erratic inflation rates,
further illustrate the challenges involved in evaluating the
cost-effectiveness of eHealth interventions in developing
countries and the need for mixed methods. 57,58 While most
interview participants described the importance of the
Ward Clerks in effectively deploying the system, the marked
increase in billing revenue immediately after their recruit-
ment may be coincidental and the effect reduced the fol-
lowing year. It is possible that as they became more in-
tegrated within local teams, increased social pressure re-
duced their motivation to report objectively. As junior cler-
ical staff, mostly recruited from the surrounding villages,
these pressures may have been further exacerbated. As only
two years of data were available, however, it was not possi-
ble to explore these longer-term effects.
IMPLICATIONS FOR PRACTICE
Weak financial governance represents a major barrier to the
delivery of equitable, effective and sustainable healthcare
worldwide. 2,3,59 Although the problem is recognised by
most global development agencies, it remains a politically
sensitive issue and is often lost in the commitment to raise
funds and expand services 4 whilst regulation and enforce-
ment are often ineffective. 48,60 These problems are exac-
erbated by institutional factors, such as inconsistent salary
payments, and organisational norms that encourage tip-
ping, informal payments, minor theft or favour-giving, cou-
pled with a lack of monitoring and oversight, which enables
such practices to flourish unhindered. 16,47,61 Our study
draws attention to the capacity of HIS to ameliorate these
problems by reducing opportunities for billing
workarounds, improving the recording of chargeable items
and increasing accountability. It also reinforces the need to
approach such projects with a clear view of the environ-
mental, organisational, and sociocultural contexts affecting
them. Leaders considering such systems need to be aware of
the need to blend technological approaches with workflow
redesign or new personnel in order to overcome entrenched
norms or conflicting roles. 62 It should also be recognised
that not all diversions from correct billing are inherently
unethical; for example, overlooking charges for a patient
who is in great need but is unable pay for treatment may
align with a health worker’s moral motive even if not with-
in their remit as an employee. Likewise, the strong influ-
ence of social obligations should not be underestimated. In
a rural area it is likely that anyone who has advanced in
their education and has a good job is known by many peo-
ple in the surrounding villages and is expected to assume
the role of a benefactor, placing them under considerable
pressure to bend the rules. Separating the roles of health-
care practitioners and administrators may help to address
these challenges. Improving accountability, transparency,
monitoring and enforcement has been identified as a “grand
challenge” for global health governance 63 and the potential
of HIS to improve health intelligence and encourage new
norms has been recognised as part of wider strategies that
include awareness raising and education. 21,64 Where these
factors are not taken into account, the introduction of such
technologies may merely perpetuate poor governance prac-
tices or even increase them. 65
CONCLUSIONS
Introducing digital health information systems may
strengthen financial governance in lower income countries
through improved recording of patients and procedures,
greater fee recovery and increased professional account-
ability. However, as this study illustrates, realising such
benefits is not straightforward and demands changed prac-
tices and new roles in order to ensure that systems are used
effectively. It also demonstrates the importance of taking
contextual influences into account when attempting to ex-
plain impacts, and the benefits of evaluating such projects
as complex sociotechnical systems. Additional research is
required to establish the impacts of HIS on financial gov-
ernance, taking account of the many costs involved in their
set-up, roll-out and on-going sustainability. 66 Lack of com-
plete and reliable revenue data, inconsistent pricing and
unstable inflationary pressures are likely to complicate such
research in these settings and call for innovative method-
ologies. Although we are unable to draw firm conclusions
about the impacts of the HIS on revenue capture at the case
study hospital, the study has offered important insights in-
to the importance of managing change, understanding con-
text and work culture, and anticipating challenges for eval-
uation. It also feeds the growing literature on digital good-
governance interventions for lower income country health
systems. 20 Mindful of the complexities underpinning both
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financial governance and eHealth implementation, we rec-
ommend that further interdisciplinary research is carried
out to improve understanding of their mutual influence and
impacts.
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